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While molecular assays, such as reverse-transcription polymerase chain reaction (RT- 
PCR), have been widely used throughout the coronavirus disease 2019 (COVID-19) 
pandemic, the technique is costly and resource intensive. As a means to reduce costs and 
increase diagnostic efficiency, pooled testing using RT-PCR has been implemented. 
However, pooling samples for antigen testing has not been evaluated. Here, we propose a 
proof-of-concept pooling strategy for antigen testing that would significantly expand 
SARS-CoV-2 surveillance, especially for low-to-middle income countries, schools, and 
workplaces. Our laboratory-based testing demonstrates that combining of up to 20 nasal 
swab specimens per pool can expand surveillance with antigen tests, even if a pool 
contains only one positive sample. 
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INTRODUCTION 


With ongoing worldwide transmission of severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) and emergent variants, laboratory testing has played an important role in detecting the virus 
in symptomatic and asymptomatic individuals (1, 2). Molecular assays, such as reverse- 
transcription polymerase chain reaction (RT-PCR), are accurate but costly and resource and 
supply chain intensive, challenging large scale surveillance efforts, especially for low-to-middle 
income countries (3). The financial and logistics barriers associated with RT-PCR restricts the 
ability to rapidly identify and quarantine infected individuals and hinders our ability to estimate 
community prevalence and epidemic trajectory (4). These limitations underscore the need for novel 
and dynamic approaches to individual diagnostics, community surveillance, and epidemic control. 

Pooling subsamples and processing them in groups by RT-PCR has been proposed as a testing 
strategy to reduce costs and increase efficiency (5). If a pool tests negative by RT-PCR, then all of the 
constituent samples are assumed negative. If a pool tests positive by RT-PCR, then the constituent 
samples are putatively positive and must be re-tested individually or in smaller pools. A recent study 
demonstrated that a range of positive pools could be identified, even if the Ct value of a single 
sample was up to 34 (6). Simple RT-PCR pooling designs can also be used to assess prevalence 
without individual specimen identification, by using quantitative viral load measurements in each 
positive pool, where the viral load measurement from a pool is proportional to the sum of the 
diluted viral loads from each positive sample in the pool (7). 

Public health surveillance tools, such as rapid antigen tests, have also been advocated for since 
early in the pandemic to help control SARS-CoV-2 spread (4, 8-12). Rapid antigen tests are 
optimized to detect the presence of SARS-CoV-2 proteins in individuals during the acute, infectious 





Frontiers in Tropical Diseases 


www.frontiersin.org 1 


August 2021 | Volume 2 | Article 707865 


Salcedo et al. 


Pooled Testing for SARS-CoV-2 Antigen Tests 





phase of COVID-19, and can be self-administered or performed 
at the point-of-care, leading to faster sample to result time and 
more frequent testing (4). However, pooled testing using rapid 
antigen tests, has not been evaluated. In this study, we examined 
a proof-of-concept pooling method for public health surveillance 
of COVID-19 using a rapid antigen test. 


METHODS 


Clinical Dilution Panel 

The study included a clinical dilution panel provided by the non- 
profit PATH (www.path.org). The panel was prepared from 
human nasal swab eluate discards from COVID-19 patients, 
collected within seven days post-symptoms onset. A single swab 
eluate positive for SARS-CoV-2 by RT-PCR was diluted into a 
single nasal eluate negative for SARS-CoV-2 by RT-PCR. 
Dilutions were blinded, coded, and then aliquoted frozen at 
-80°C. 

The primary studies under which the samples were collected 
received ethical clearance from PATH Institutional Review 
Board (IRB) (approval number 00004244). All excess samples 
and corresponding data were banked and de-identified prior to 
analysis. This study received an exemption determination from 
the PATH IRB. 


Quantitative Reverse-Transcriptase 
Polymerase Chain Reaction 

Aliquots from the clinical dilution panel were thawed and 200 ul 
was used for extraction with the QIAamp Viral RNA Mini Kit 
(Qiagen, Germany). Nucleic acids were eluted in 50 ul and 10 ul 
were used for RT-PCR using the CDC’s 2019-nCoV Real-Time 
RT-PCR N1 assay on the QuantStudio 5 Real-Time PCR System 
(Applied Biosystems, Foster City, CA). Viral loads were 
determined by measuring the concentration of the RNA using 
a qualified standard to determine genomic RNA levels, as 
previously described (13). Briefly, each reaction contained 
extracted RNA, 1X TaqPath 1-Step RT-qPCR Master Mix, 
CG, the CDC N1 forward and reverse primers, and probe. 
Viral copy numbers were quantified using N1 quantitative PCR 
standards in 16-fold dilutions to generate a standard curve. 
Quantification of the Importin-8 housekeeping gene RNA level 
was performed to determine the quality of nasal swab eluate 
discard sample. 


Sample Pooling 

Based on a number of published studies for sample pooling using 
RT-PCR, we opted for nasal swab eluate pools consisting of a 
total of 20 combined samples (14-16). 50 ul from a single RT- 
PCR confirmed positive nasal swab specimen dilution was mixed 
with 50 ul from nineteen RT-PCR confirmed negative nasal swab 
specimens. The total volume of each pool was 1 mL. For the non- 
pooled testing, the RT-PCR confirmed nasal swab specimen 
dilutions were not mixed with any negative nasal swab 
specimens, and were tested directly on the rapid antigen test. 


For pooled and single sample testing, 100 ul of the sample was 
applied to the COVID-19 rapid antigen test and allowed to react 
for 15 minutes before test result image capture. 


COVID-19 Antigen Test 

The rapid antigen test (E25Bio, Inc., Cambridge, MA) contains a 
monoclonal antibody and a nanoparticle conjugate that detects 
the nucleocapsid protein of SARS-CoV-2. Interaction of the 
immobilized Test and Control line antibodies with antigen and 
nanoparticle conjugate produces visible bands, indicating 
whether a test is positive or negative. The lot used in this study 
was validated using recombinant SARS-CoV-2 nucleocapsid 
protein (SinoBiological, China) from 0.1 ng/ml to 500 ng/ml in 
a total volume of Solution Buffer (E25Bio, Inc., Cambridge, MA) 
of 100 ul (data not shown). 


Image Analysis 

Rapid antigen test result images were captured via the iPhone 
E25Bio Passport appliation (currently only available via 
TestFlight) and analyzed using image processing software, 
Image J (NIH), to machine-read and quantify test results. The 
average pixel intensity was quantified at the Test line, Control 
line, and background areas. The background-adjusted Test line 
signal was then normalized to the background-subtracted 
Control line and expressed as an arbitrary unit (A.U.). 


RESULTS 


To analyze the effect of sample pooling on the analytical 
sensitivity of a rapid antigen test, we compared antigen 
detectability of single RT-PCR confirmed nasal swab 
specimens with varying Ct values versus when pooled into 19 
RT-PCR confirmed negative nasal swab specimens. Antigen 
detectability was determined by applying to a rapid antigen 
test 100 ul of a single RT-PCR positive nasal swab specimen or 
100 ul of a pooled sample. Each pooled sample consisted of 50 ul 
of a RT-PCR positive nasal swab dilution specimen and a 950 ul 
negative nasal swab mixture (50 ul from 19 RT-PCR confirmed 
negative nasal swab specimens). 

Our results show that the rapid antigen test detected positive 
pools between Ct values 18.3 (VL: 7.6E7) and 30.1 (VL: 4.8E4), 
compared to 18.3 and 31.9 (VL: 3.5E4) for single nasal swab 
specimens (Figure 1). The sensitivity, specificity, positive 
predictive value (PPV) and negative predicative value (NPV) 
for the pooled testing strategy was 86.67% (13/15), 100% (20/20), 
100%, and 90.91%, respectively. The sensitivity, specificity, 
positive predictive value (PPV) and negative predicative value 
(NPV) for the single sample testing strategy was 99.33% (14/15), 
100% (20/20), 100%, and 95.24%, respectively. These data 
suggest that combining of up to 20 samples per pool can 
expand surveillance with rapid antigen tests, even if a pool 
contains only one positive sample. Only in the case of a 
positive pool test result is additional rapid antigen testing and/ 
or RT-PCR of individual samples or smaller pools required. 
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FIGURE 1 | Analytical sensitivity of a rapid antigen test using single nasal swab specimens versus when pooled. 50 ul of the positive nasal swab specimens with Ct 
values ranging between 18.3 and 40 were spiked into 50 ul of RT-PCR confirmed negative nasal swab specimens from 19 individuals. 100 ul of the 1 ml pooled 
samples or 100 ul of the single positive nasal swab specimens were applied to the rapid antigen test and allowed to react for 15 minutes before test results were 
image captured. To determine relative nucleocapsid antigen levels detected by the antigen test, images were analyzed using image processing software and 
reported as an arbitrary unit (A.U.). Ct, cycle threshold. Horizontal dashed line, limit of detection for the rapid antigen test. 





CONCLUSION 


We propose a proof-of-concept pooling strategy for antigen 
testing that is easy to implement and can further expand 
SARS-CoV-2 surveillance. In general, for single sample testing, 
a nasal swab is collected from an individual, resuspended into 
0.5-1 mL solution (e.g., viral transport media, saline solution, 
antigen test kit buffer solution, etc.), and 100 ul of the nasal swab 
specimen is then applied to a rapid antigen test. However, 
performing individual antigen testing on a single nasal swab 
specimen can present further cost and logistical limitations when 
the frequency of antigen testing is increased, especially for wide- 
scale surveillance. For pooled sample testing, nasal swabs are 
collected from up to 20 individuals, each of the nasal swabs are 
then resuspended into 0.3-0.5 mL solution, and 50 ul from each 
nasal swab specimen is pooled into a mixture before applying 100 
ul to a rapid antigen test (Figure 2). If a pool tests negative by an 
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antigen test, then all of the constituent nasal swab specimens are 
assumed negative. If a pool tests positive by the antigen test, then 
the constituent nasal swab specimens are putatively positive and 
should be re-tested in mini pools. If a mini pool remains positive, 
then antigen testing on individual nasal swab specimens can 
be performed. 

Pooled testing using rapid antigen tests is a cost-effective and 
public health conscious approach to expand SARS-CoV-2 
surveillance, thus further enabling societal reopening, especially 
in instances where capacity and resources are constrained. Our 
results show that a rapid antigen test can detect SARS-CoV-2 
positive nasal swab specimens up to Ct value 30.1, even when the 
positive specimen is combined with 19 negative nasal swab 
specimens. A recently published study demonstrated that in a 
9-fold pooled testing strategy using RT-PCR, a single positive 
sample was detected with a Ct value as high as 34 (16). Our 
results are striking given SARS-CoV-2 antigen detectability in a 
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FIGURE 2 | Sample pooling strategy for antigen testing. (A) Nasal swab specimens are collected, where 50 ul from each individual is pooled into a single mixture 
and 100 ul is then applied to the rapid test. If a pool tests negative by the antigen test, then all of the constituent nasal swab specimens are assumed negative. (B) If 
a pool tests positive by the antigen test, then the constituent nasal swab specimens are putatively positive and should be re-tested in mini pools. If a mini pool 
remains positive, then antigen testing on individual nasal swab specimens can be performed. 
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20-fold pooled sample, suggesting pooled antigen testing can be 
implemented to identify individuals during the infectious phase 
of COVID-19. Studies have shown that individuals are most 
infectious around the time of symptoms onset, where viral load 
in the upper respiratory tract are highest and Ct values are 
generally below 30 (17-19). 

While our experiments suggest that a pooling strategy for 
antigen testing may be beneficial for SARS-CoV-2 surveillance 
and identification of individuals during the infectious phase of 
COVID-19, there are limitations. Specimens collected and tested 
beyond the acute infection phase (7 days post-infection) will 
likely escape detection by a rapid antigen test, regardless if the 
specimen is pooled or non-pooled. Enhancing efficiency at the 
expense of sensitivity must be appropriately considered 
depending on the purpose of testing and resources available. 
However, modeling and clinical studies have shown that 
increasing the frequency of antigen testing to a minimum of 
two times per week can increase the performance metrics of an 
antigen test (4, 12). Furthermore, pooling adds complexity 
because samples must be archived, or individuals would need 
to undergo additional swabbing for potential re-testing. Finally, 
other factors, including COVID-19 prevalence and incidence 
rates, virological (e.g., infecting SARS-CoV-2 or variant, viral 
load, defective virus, etc.) and host considerations, and the 
antigen test used (e.g., analytical sensitivity, etc.) will likely 
impact the sensitivity and efficacy of a pooling strategy. 

We have shown that a simple design for antigen testing 
using a sample pooling strategy is straightforward and can 
enhance SARS-CoV-2 surveillance. Future studies will be 
important to determine whether pooling strategies hold 
for COVID-19 antibody detection in sera using rapid tests or 
for antigen detection from other microorganisms. While 
there are other costs and logistical limitations associated 
with pooling that we do not consider here, our study 
highlights the potential use of antigen tests as a public health 
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